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Ear'ly in the spring of 1931 Dr. C. E. BardsleYJ
Professor of Hydraulic Engineering at the llissouri
School of Mines and In:etallurgy. Rolla. Missouri. gained
'knowledge of the fact that, he was to do research work
at the United states 1J/aterways E:x:perime~t Station at
Vicksburg. Mississippi. It occurred to him that if he
could make arrangernents to have .1lIr •. Elmer fT. S.perling.
a graduate Student in Hydraulic Engineering in-the Civil
Engineer'ing Department •. appointed t.o a posi tion in the
Government· Labora.tory" it would be a splendid opportuni ty
for him t.o work out a real research problem for his
masters degree dissertation•
.Tb.is plan was confided to the Head of the Civil
Engineer'ing Department. and then to the Chairman of t.he
Gra,.duat~e. Commi,tt.ee and mutually agreed upon. provided
the research wer-e directly super'vised by Dr. Bardsley.
a member of t·he Missouri School of Mineaand Meta.ll.urgy
te'aehing s't·aff.
--·2--
T~he above arrangeulent.s were successfully culminated
wi th 11l".ississippi R.iver C·.onunission and w'i th the Director
of the United states Waterways Experiment Station and
the writer was made the Assistant of Dr. Bardsley who
personally supervised his investigations.
The Director' of the Uni ted states Vlaterways :Ex-
periment st.at,ion was gratified that the Universi ty of
Missouri considered the River Laboratory on a par with
t.he Research Laborator'ies of the United stat.es Bureau.
of St.andarda where members of its personnel a.tta.in
Doctor's Degrees through cooperative agreements with
the Colleges and Universities.
The Director kindly permi tt:ed the wri ter to us'e as
a thesis the investigations made in the Government Lab-
oratory.
In the summer of 1931 the writer was called to
Vicksburg. lfisaiss'ippi to assist Dr. C. E. Bardsley in
performing very important experiments for needed in-
vestigat-ions of means of controlling the lower Mississippi
Valley.
These inves·tigations were earn ed: out in conformity
with the Missisaippi F200d Control Plan to safeguard
this region against disaaterious floods. The proposed
plan is to conetruet pilot channels in the Boeuf and
.A.t.c.b.alalaya Bas ins that. would take care of the excess
waters from the Mississippi River during the time of
high sta.ges. In the attempt to determine the effect
of such channels a model of the Boeuf Basin and pro-
posed channel was constructed, also a model for
erosion of the soils encountered~ and this thesis
records' the findings. UnfoI~tunately,. the time was so
limi t.ed that only the Boeuf :Bas in could be investigated.
~he th~ee principle methods of flood control are;
(1) the -Keep-in Method" accomplished by means of
levees; (2) the ··Keep-out Method tt by use of reservoirs;
(3) and the -Take-out Method& by utilizing diversion
channels. The investigations that follow fall under




To Dr.-Inge~ 1st Lieut. B. D. Vogel~ Director of
ttle ~rr1ited. stcttes "·!atexv'livays Ex])eriJnent Sta.. tion of the
..JTi ~ sis sippi R t ver Co'cllai Q 8 i on ~ Vic k~bllrg ,. Jv~i s sis sippi "
t\:1e wl'i ter vliahes to express nis a~ppreciation for th.e
advice and help that made ~ossible the accomplishment
of this riece of work. Not only did Dr. Vogel contribute
vall.l8.ble suggestions" but thr'ough the cooperation of the
entire staff members~ made it possible to obtain the
necessary equipment with which to carryon the extensive
investig~3.,tions and tests for this r·ese8,rch.
Furtl1er ttlanks (~re due to Dr. C'. E. B8.. rdsley) Prof-
essor of Hydra~ulic Engineering of the J\~ise'ouri Scb.ool of
Mines and l.et8,11urgy at Rolla, 1~issol1ri who was chief of
the Technic.a~ Staff of the above mentioned Exyeriment
Station at the time this work was performed and under
whose guidance arId supervision t'his work was carried out.
The writer also vlishes to thank Professor J. B.
Butler, bead of the Civil Engineering Departn1ent a..nd the
graduate committee for their approval of this thesis and
per'mitting the work to be done at the Experiment Station.
The purposes of this investigation were severally
as follows':
(a) T-o deter!nine the feasibility of digging pilot
channels to scour out channels through the Boeuf and
Atchafalaya basins of sufficient size to handle the
project flows contemplated for these basins in time of
superflood.
(b) To determine the best forme of these pilot
chal1nels and the best a,pproximate dimensions.
(e) To determine velocities conducive to er'osion,
transporta.,tionJ, and deposition; the manner and rate of
enlargement under below-bank. bankful. and overbank flows;
and the character of trace t~o be expected after enlargement
of the proposed channels.




The enlargement of dredged channels by the flow of
water through them involves three hydraulic phenomena.
namely. soil erosion. sediment transportation and sediment
deposition. Transportation and deposition are actuated
by identical laws of friction. gravi tation and com.plex-
itiee of current. but erosion is only distantly related
to the other two. Much confusion results from failure
to recognize this fact and formulae for nonsilting and
noneroding Telocities have often been applied indis~
criminately. The principles involved al--e tttose control--
ling some of the least understood natural phenomena.
namely. those arising froDl the flow of water and from the
mechanic~a of soils. Defini te prediction as to channel
enlargement under the action of flowing water would re-
quire proven theories for both erosion and transportation
and' without tenable theories for both. a· tenab'le solution
is impo·saible.
If a ditch be dug similar J parallel. and very close
to an older ditch it might be expeeted to erode or siLt
nearly the same as the other. assuming that it be sub-
jected to the same conditiona. If aubj ec,ted to different
conditions" i.e•• diseimilar flow cha,racteristics. water
of a differ'ent sediment eon.tent. locally varying geology,
--6--
or even extreme climatic variancea. a different develop-
":r~e:;'1t is possible. It follows that conl:;)arisons vlil1
alvlays be difficult vJ"11ere the pherloIflena of erosion are
enCo-tlntel·ed. Thus we O.lre forced to drc'.:w joint con-
Clllsions fron) irnper'fect parallels tn nature and froDl
theories of erosion. transportation and deposition as
c-orlfir!ned~ estELblisbed or rnodified by laboratory ex-
periments designed for the specific problem at hand.
In the forrnulation of bypotbesee, past observe.tione,
ml.J.st be c8.. refu,11y considered~ for material evideii.Ce is
irrefl1te.ble. Old tbeories may be used~ but cautiously,
for the true significance of facts may be easily mis-
construed. At the same time it should be realized that
nearly every theory,. thot:tgb a..];lparently incorr'ect. ia~
in the final analysis, underlain by a foundation of
facts.. The procedure adoI1ted for the solution of tbis
rart iCl~la.. r l)ro blem has be en to formll1a te hYIlothes sa
from past experience. establish theories by experiment-
ation and verify predictions by application to existing
examples.
Research was made into literature of the subject.
co!)ault~ng authoritatiTe 'treatises of three languages.
The obj ect was to assemble t he known fa~cts and to find
out what experiments bas been. conducted, along these
l'ines-.J in order to pr~event a series of needless
--7-~
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rel~etitt.one. Pl1blic8.ti.on.s of the )311reau of Soils, U-. S.
Depart1.1.ent of .4-~BriclJ.ltllre., were first revi.ewed. 3,nd from
tb.em a prelimi.nclry bi.bliogra!)hy VIas arranged. P1J..blicoJttone
not available locally were borrowed from univereity libra-
ries,. and refex-ences vlhen not 8.rvailable in .En.glish were
translated by members of the laboratory staff. As ex-
pected. tbe results of this preliminary research were
largely n.egative J for practically all foreign experience
has been in connection vlith stream transportat_ion of
8c.,nds and gravels. and i ti S on.ly' r'ecently that tbe
American engineer has felt tbe need for greater know-
ledge of the phenomenon of erosion. T~nable theories
of transportat.ion and deposition have been formulated~
bllt the controlling fa.e'tors of erosion renlain general-
ly tlndetermined and unmeasured.
LABORATORY 11TVE·STIGATIONS.
The investigat.ions conducted at t,he U. S. Water-
ways Experiment Station were designed to utilize the
facts of past experiences and to det.ernline specific.
data relative to the soils encountered along the linea
of the proposed pilot channels.. The experiments fe11
naturally into two general e:1.a:sses" as follows:
(a) T'es·ts wit.h a geographical model of t.he
entire Boeuf Basin to determine general aspect.s of
the problem.
(b) Experiments with a large, especially design-
ed. tilting ~lume to obtain true erosional veloci-
ties.
1!J GEOGRAPHICAL l~ODEL OF BOEUF BAS·IN.
Purpose of tbe experiment. The purpose of this
model was to assist in the determination of the qua1i~
tative results that might follow the construction of
the proposed pilot channel in the Eoeuf Basin; to aid
in ascertaining the feasibility of the adopted location
of tbis channel; and to indicate possible tendencies
of the water to follow other more natural paths. Fur~
ther, it was hoped that the model would indicate:
(1) Those areas in which the bulk of the silt re..
Bulting from the erosion of the channel would be de~
p·oeited •
.(2) The direction assumed by overbank flay. and
(3) The tendencies of these waters to seek new
channels.. Any other and unexpected pertinent information
brought out by test runs through this model were to re~
ceive careful consideration and to be subj' ected t,o
furtb.er and more detailed investigation.
Mode1. ·With distorted sea1es of ~/IO.OOQ hor-
izontal a.nd 1/100. veriieal. the c··ompleted model att.ained.
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a length of 65 feet and a width of from 8 to 10 feet.
depending upon the actual limits of the basin. Located
in the approximate center and at presumably the lowest
elevation was placed the pilot channel~ 300 feet in
width and 30 feet in depth. At the head of this pilot
channel a spillway was constructed. From the spillway
the pilot channel extended approximately 124 miles to
its confluence with the Ouacrlita R',iver near Columbia.
La.
The first attempt in construction was to use sheet-
metal templates set vertical and perpendicular to the
pilot channel at two foot intervals. but this plan was
subsequently abandoned. Instead. the ~/48.000 map of
the entire Boeuf Basin was pantographed to the model
scale of ~/IO .. OOO'. showing onl'y the 5..foot contourB~
streams. principal highways. railroads. levees and towns.
Wi th the aid of these enla,r'g,ed maps the relief was
carved directly into the natural loess of the labora,"
tory grounds at the site selected for the model. Upon
completion of this work. whic:h had required 20 working
days. gage wells wer'e plae ed at lO..foot intervals through..
out the length of the pilot c'hannel and connected by 1/2--
inch iron pipes ,to a battery of manometer tubes that
r'egistered the dep,tbs hy gravi ty. Fina,11y. to preTent
the disf1guration of the model 8urfac~ing. it was coated
--.1.0--
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viitr1 a t.hin layer of ceu'lent lnorta,r. To correctl~'
sirnulate actual con.dit.ions of over~ball'k roughness,.
Spanish loss was gathered from nearby woods and placed
on trle Inodel to cover'" those areas that reulain uncleal~ed
in nature. For determining the exact location of these
areas a Inoeaic VIas ~jla.tde of aerial pl10tographe of the
en.tire Boeuf Basin. Frevious tests cond:J.cted by this
laboratory bad sbown this moss to be the ideal material
for use in simulating wooded areas on models of this
t~lpe,. res1.11 ttng~ as it does,. in an almost exact duplica-
tion. of trle ove!~bank conditions effecting rate,.. quantity
and characteristics of actual flow. Tbe flow of ~ater
ttlrougb the model was con.trolled a.nd rneasured by a 90°
Thorapson V-no t.ch vleir, and rninor gage adj l~S trnents were
accomplished by variations in the density of the moss
at controlling pointe. The discharge from the lower
elld of the Inodel was c.ontrolled by a tail gat,e capable
of delicate adjllstrrlent~ by ITleana of which backvvater con-
ditiong could be properly simulated as required. ]~jor
tributaries) especially the Ouachita River) supplied
their equivalen-t quantity of v/a.ter from a source independent
of that passing over the control w~ir. The model as a
whole was con:structed so as to easily perrrli t any desired
modification of tbe proposed plan with a view of assisting
in the determination of the best solution of the prob~
lem involved.
Contemporaneously witb the construction and study
of this model a smaller' model was built. to the same
scales and carved out of the same material., but in..
corporating only the upper l~ miles of the basin.* One
of the uses to which this model was put was the testing
of various forms of coating to be applied to the earth~
relief in tbe large model for protection against the
deteriorating action of rain. wind. surface cracking.
etc. A mixture of three parts of finely sifted sand to
one part of cement with least necessary wa"ter to a.ttain
plasticity was adopted.
Procedure. The test runs made on the completed
large model were designed to ascertain:
(a) Ability of pilot channel to carry sediment.
(Bankfull stages throughout.)
(b) Results from bankfull stage encountering
back-water. (Slightly overbank from just above
Monroe. )
(1) Loc,at.ion and relative amounts of sediment
deposits.
{2} Apparent tendencies to erode.
(3) Direction assumed by overbank flow, and
* See Plate NG. 1., page 13.
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Plate No.1. The Auxiliary Model.
Looking north upstream along the Boeuf
channel of the auxiliary model near its
upper end. showing the eff~cts of erosion
of diff-erent stlrface coatings. Watar- is
flowing down the Boeuf Basin at a little
more than overbank stage. This model was
sUbsequently abandoned when three to one
cement mortar was decided upon as the
most suitable coating for the model of
the entire Boeu! basin. The scales ot
this model are: 1. l:lO.OOO. and d: 1:100.
--.1-3--
tendencies of these waters to seek new
cba..nnels.
(4) Indications pointing to the advisability
of changing the location of portions of
tlj e pi lot channel.
(c) Res'll ts fronl 8uperflood discharge vli th
channel at its present dimensions (itemized as in b).
(d) Results from superflood. (conditiona as i~ b
and c.)
]Lethods. Tes ts to d et eI'ornine th e IY.l.OS t 81.1i table
material with which to simulate the movement and de-
position of eroded material.s included the use of creo-
sated sawdust t fine sand~ powdered silt and solutions
of slacked lime. Due to the comparatively steep slopes
of the model it was found that solutions of lime gave
the best results. although the other media produced
iderltical resul ts in a less obvious manner.' The in-
soluble particles of the lime settled nicely in clearly
definable areas and their wbitness made them equally
discernible in the wooded and the cleared section. For
the purpose of determining the general direction assumed
by t.he overbank flow. g~eneroua quant.i ties of a solut.ion
of I)otaas-ium permanganete Vlere introduced periodically
into the pilot. channel at its or'igin,*and the elouds of
* ~ee Plate NQ. 2, page 15.
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Plate No .. 2 • . The Geogr"aphical MO'del
View looking north showing overbank flow
in the backwater area at and below Monroe,
as well as minor overflow conditions fur-
tl1.er upstream along the pilot channel. In
the background an operator is inducing a
solution of potass"ium Permanganate into
the pilot channel.
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color thus projected into the flow could easily be
traced throughout their entire course. This proved so
completely satisfactory that no other mettod wae tried.
~:;pon C omplet i on of tile te at runs the silt ed areas Vfer e
sprinkled witb neat cement to preserve them for further
inspectioTl.
Results. The pilot channel as constructed on this
YIlodel vii th tl1e distorted se'ales of 1 = 1/10.000 and d =
1/100 showed little difficulty in carr'ying all but un-
reasonably heavy introductions of 5ediment~ Continuing
this experinlent over lengthy periods oit time shov/ed, how-
ever, a gradually increasing deposit in the narrow bottom
of the pilot channel throughout its length. resulting
finally in its overflo"t{ at the points of lo,\ves·t banks.
Upon introduction of backwater eff'ect limit to just above
l.iTonroe. a..nd c'ontinuing ban'kfull flow wi thin the pilot
channel. sediment introduced into the pilot channel at
its upper end. wag carried as before up to its entrance
into t.he backvvater pool and then continued at a de-
celerating rate within the banks of the channel, settling
in its entirety within it and eventually filling it with
only negligi ble quant.i ti ee d eposi ting overbank.
Upo:n imposing t'be condi tiona and cantin ling the
cons·tant: int,r'oduct,ion of asOltlt,ion of alae.ked lirned)
* ~ee Pla.te NQ. 8, pa~e· 19.
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/Plate 0.3. The Geogra!=)hical l"odel •
..
Gene al view of the Boeu! Basin model
looking do 11.streaJm. A portion of the
Greenville Bends system as well. as the
beginning of the pilot channel in the
~ lediate foreground.
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minor- ail t depoei ts bec.~ame immediately apparent at all
low places within the backwater area) and as the teat
continued the deposita began to accmnulate along the
valley of the Boeuf River proper. The greatest deposit
at this stage of slightly overbank flow in the lower
reaches occurred due east of Monroe where the pilot
channel approached Bayou La Fourche to within ~OOO
feet. The extent of this deposit may b-est be under...
s-teed by a glance at the accompanying photographs. All.
marked-deposits in the vicinity of the pilot channel were
a-ceompanied by pronounced shoa1.ing within the channel.
al though this never- reached the point of o-bli terat,ion
of the channel. Tendencies to erode were clearly dis-
cernible where banks were of sufficient height to in..
elude the total flow. The waters we're tur-bulent. with
pronounced ripples and eddies occurring within these
-reaches. No tendencies to erode were -noted on the over-
bank flow. As far- downstream as Monroe the over'bank
current merely filled up the low places and continued
downstream ~re or less parallel to the pilot channe1
but at much lesser velocities. Passing Monroe. however.
some of the waters ent·eredthe Boeuf River and continued
permanently down that stream. The greatest tendency to..
ward following a new course eceurred at the point of near
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contact betl1een the pilot channel and the Bayou La
Fourche jl1.St east and sou~trleast of lTonroe. }-T ere it-
appeared that a greater amount changed its course to
the La Fourcbe than continued do!n the pilot channel.
It ~as at this place that tte ~reatest silt deposit
occurl'ed.
t flood etage the picture changed somewhat.* Nhere-
as during the former stage no great silt deposit oc-
curred above ~onroeJ at this sta:e the bulk of all de-
)osit asses over the cleared land~ in and around Lake
Vi llage.. into and over Lake Chicot" lea,ving considerable
deposit vithin the lake and on the land encircled by the
lake, with the bu~k of the silt carried through the south-·
ern outlet of the lake and covering the entire area north
of otter Lake. From here to beloW' ~onroe the conditions
are similar to those observed under previous sta~es~ ex-
cept for the slight additional deposits occurring in
areas not previously flooded. Below funroe the pilot
channel loses its integrity completely. having filled
the Ouachi ta passing in a broad stream beyond th.e limits
of the rnodel.
·t a superflood sta~e the pilot channel served no
function whatever. quickly silted. and ceased even to
guide the stream. ~he two great de;)oait areas, at Lake
* as Plate o. 4, page 20.
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/Pla,e No.4. The Geographical odel.
View looking downstream from the upper
end of the Boeuf Basin model, showing'
river at flood stages, full overbank con-
ditions, and pilot channel obliterated.
--20--
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Villaee and east. of _'lonroe s,till c8..rried t'be burden of
ttle de~90sit,. 8:11 other areas sbo\ring decrea.. sed a~ccu.~~'!ulations.
Belo\;' ~;~onroe tt1e La FO'urc'be)- tl1e pilot" c'hannel a..nd the
Boeuf lost their integrity and conbined into one broad
stream from the remainder of the rrodel.
Surrnnary. and. indications. The test TlJ..ns made throtlgb
this model indicated (a) the areas recipient of the bulk
of deposit resulting from channel erosion at bankful and
higher stages, - (b) the courses pursued by overbank
waters belol onroe. (c) the inability of the pilot
channel to carry off all of the eroded materials at any
sta(]e. (d) the necessity of w.ak1.ng provisions for main-·
tenance dredoing and snagging subsequent to the operation
of the pilot channel, and~ (e) the failure of the pilot
channel to function in even a guiding capacity to flood
discharges.
(a) t those stages at hich the pilot channel
would be bankful to tb.e vic ini t.y of .1.10 l1ro e,. and sligrltly
overbank from that point through the ren~inder of the
b'ackwater area,_ the great.est. silt deposit VI'ould occur
in the lowlands south-east of ~onroe and south of ]il~-
haven and tending downstr'eam in the La Fourche. ~'inor
..
sedimentation is observed over all flooded areas~ with
the pilot cbannel completely silting up at the points
opposite the Monroe ar~a.
(b) The course pursued by overbank waters below
Monroe follows the natural configuration of the relief
of the ground. the bulk of the exeess following the La
Fourche and the remainder entering the Boauf. At t,he
highest flood stages tested these two streams together
with the pilot channel between them form one b~oad
stream..
(c) During the lowest stage tested., that is. that
stage at which no overbank occurs at any point through-
out the entire course of the pilot channel. sediment
slowly accumulated in the bottom of the channel until
it had raised the water' surface to overbank stage.
Tne, pilot channe1 had its greatest efficiency when suf-
ficient water was introduced to prod'uc,e bankful stage
to a point just above Monroe. but slightly oTerbank con~
ditiona from thence throughout its remaining course
through the backwater area. Here the pilot channe1
maintained its depths nicely except at those points of
egress into the adjoining low lands. when the channe1
'silted up nearly, completely.
(d) These conditions suggest the necessity of pro..
Tiding for maintenance operation. to be emp'loyed at those
points having .-uttered excessive silting. as well a,s
--22--
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sn~gging operations throughout the entire length of the
channel to remove obstructions lodged by these floods.
(e) During general overbank stages the pilot channel
fails to function as such in the reaches below Monroe,
and loses its integrity entirely throughout its entire
length upon being Bubjec.ted to super floods.
(b) EROSION EXPERITJQ1r~ITS ·~~:;-ITH TILTI1fG FLU1~~E.
Purpose... The purposes of the follow'i:ng described
aeries of tests were to determine the velocities re-
quired to erode typical 80ils when placed under different
condi tiona in a laborat,ory testing fl'ume; and to obtain
correspond.ing indices of erosion". and conseCluent, t.end-
encies toward dredged channel enlargements.
The Flume. A large erosion flume was constructed
to conta.. in actual soil saraples obtained frorfl the fi'eld
and to employ velocities of flow equivalent to those
ant.ieipated in the propoae-d pilot channel. Its area of
cross section was sufficient to accomodate almost any
conceivable soil placement in addition to those employed
E3..nd hereafter desc'ribed. The section for erosion was
recessed and provided with a calibrat.ed track in the
longitudinal or' Z direetion upon whic.h the hook ga.ge
and pitot tube ~arriage ran. The carriage was calibrated
to measure the X and Y dimensions of er'ose-seeti'ons be-
fore and after erosion. A template carriage also ran
on this track for bringing the initial section to true
grade. ~though non~erodible sections were provided
upstream and downstream from the erosion section it
was found that the beat results could be obtained with
the entire length of flume (13.6 feet) filled to the
desired croBs-section with the material to be eroded.
Water was delivered to the flume from the outdoor re...
servoir of the Experiment Station through a twelve inch
pipe. discharging under water~sealed head into a large
stilling chamber {4.5 t wide x 4.0' long x 3.0' deep}
provided with baffles. Water delivered to the entrance
flume was devoid of boils and eddies and started on its
course through the erosion flume under perfect entrance
conditions. At the lower end of the flume a stilling
weir box witb baffles was provided. and belaw this was
placed a sharp~creeted suppressed rectangular Francis
weir. used to check the Fitot Tube measurements. Prior
to the experiment this weir was c.alibr·ated for th.e entire
range of discharge expected (0.,05 ft. to 0.6, ft. head)
by using the laboratory's standardized measuring tank. *
In conducting a run the following measurements were
taken at six stations. one foo·t apart in the erodible
section' of the flume: Ini tial eross--aec.tions at 0.1
* see Figs. en 25, 26 and 2!1.
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Figure No.1. The Tilting Flume.
An isornetr:Lc pel"spect.ive of t.he soil erosion
tilting flume.
Figure No.2. The Tilting Flume.
Detail drawings of the soil erosion tilt-
ing flume.
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Figure No.> 3. Tb.e Tilting Flume ..
Detai1 drawings of the soil erosion tilt-
ing flur~e. (Original set-up)
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foot intervals transversely on sides and bed, head of
water on erodible bed. head on measuring weir. pitot
velocity traverse of mid-cross~section. final cross~
sections after run. time of run. slope tilt of erosion
fl·'.1me. volu.me of eroded pits. and deptrl of over bank
when 80 run. ~ Samples of the eroded material were
gathered and inspected after each run. While erosion
was taking place in the flume-. close watch was kept to
ascertain all the physical phenomena of the erosion.
which were noted in the observation records. S'ome of
the erosion flume set-ups are indicated in the accompany~
ing sketches.
Tests. The following tables show in condensed form
the number of teats conducted. the kind of materials in~
vestigated, and a summary of results as obtained for each
case:
CHARACTER OF }~TERIALS INVESTIGATED AND ~HODS OF
PLACmOOTT
--2.9--
Test Source of :Material Condition of Materi-
No. Kind Locality Station Depth al in Flume!
of or 1Tumber of Con- Smoothness





1 Sand Miss. R. Near Surface Compacted Smooth to
Vicks.. of then template
burg bar inundated
12 hours
2 Loess u. s. Wat- do Near do do
erwa,ys Ex-- Surface
per. sta.
3 Lo'ess do do do do do
4 L.oeas do do do Compacted do
but left
very dry
5 Loess do do do Natural do
a·labs of
lO'ess
6· Loess do do do Compacte,d Made to
then in- templat.e
undated, but pi tt.ed
seasoned and scratch-
three days ed
7 Loess do do do do Made to temp--
late but
c.hannel sinuous
8 Clay Boeu! 3.705 lft. to Compacted Smootll to








Test Source of Material
No. Kind of Locality Station Depth














3705 do do do




11 Red Sandy Boeuf Center
Loam over Basin Line do do
sand




Conditions for Erosion in flume






1 Level 1.3 1.2-
2 do Insufficient velocity for
erosion
3 Inclined 4.1 3.6
4 Level 1.5 1.4






















9 Level 2.2 (sand)
10 Inclined 6:.2
l~ Level 2..2 (sand)
6.0 Not feasible
1.5 (sand) Not f'eaaihle
4.9 Not feasible
1.5 (sand) Feasible in
loe,a~ reaehes'.
At the inception of these experiments two object..
ives were sought: first, to attempt to create a stand..
ard accelerated erosion test; second. to select a Btand~
ard erosive material. uniform in texture and locally
abundant. These objectives were practically fulfilled
in adopting the tilting erosion flume previously dea~
cribed. and in selecting loess as the standard material
for erosion. In the following discussion. an attempt
will be made to compare the erosion of Boeuf Basin Soils
with the erodibility of loess. Of course_ other con~
ditions equally important arise in the erosion of soils
in tbe Boeuf Basin. in that for great distances the clays
a"re underlain wi th sand which accelerates bank caving.
Experimen ts were also run to investiga,te the latter con...
dition.
First. sand was selected as the material to be eroded
to check up the characteristics of the erosion flume.
This showed re'a.eonable agreement with teats of other
engineers.
Next. compacted inundated loess was eroded; and
questions arose as to whether the teat had duplicated
what might occur in nature. Subs equen tlY"f; variations
were tried wi th the loess. using i t as a dry,. compac"t.ed
material. and noting the eroding velocities. T"hen sl.abs
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of natural loess undisturbed and unbroken when taken
from the embankments in the near vicinity of the lab-
oratory were cut. placed in the flume and eroded.
To artificially hasten the processes of erosion.
the inundated loess was scratched and pitted~ but this
apparently brought about no acceleration of the action.
Next it was thought that a sinuosi ty of cb.annel through
the compacted. inundated loess might accelerate the test.
This did prove to accelerate the erosion. as the convex
banks were in all cases literally shaved off by the
swift current. but the phenomenon appeared to b'e an
unnatural one and was not considered further. In all
of the testa. however. where velocities were less than
those required to produce shooting flow. tendencies to-
ward natural meanders were observed.
After the preliminary tests. attempting to stand-
ardize the procedure and conserve the samples shipped
to the laboratory from great distances and procured in
the field with certain difficulties. runs were made on
clay. sand,. clay over sand •. red sandy loam,. and red
sandy loam over sand.
The eroding velocities 'for each case will be found
in Table 1, and the substantiating data appears through~




Erosion ~f Mississip~i River. Sand.
The erosion flume was first filled with Missis-
sippi River sand to determine whether erosion and
transportation would occur at velocities already
known to engineers. It was found that the bottom
scoured out at 1.4 ft./sec. mean vel.ocity (1.3ft./s eo.
bott'om velocity). and upon consultation of tables on
erosion •. it was found that fine non-eolloidal sanda
should erode at ~.5 ft./sec'. This indicated that thus·
far the principles of the erosion flume were correct.
The test cannot be taken to indicate that uniform evaeu~
ation of sand will OCCeur in long channel reaches. but
only that the Telocities stated are sufficient to pro..
duce lac.al. bottom movements,. Depositions will occur
below the eroded section and when covered by c1ay parti~
c1ea will refuse to permit develo~ment in these regions
of deterioration.
Tests Numbers !!Q.. and Three.
Observed Pheno'menaof' Erosion of' Wet C.ompac.t,ed·. Loess.
Velocities were buil t up in a, c'hanne~ lined wi th
wet c.ompacted loess- unti1 measurable erosion oceurr·ea.
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T.he 'eloc1ties we~e me'an Te~ocitl :: .3,2. 1 ·sec·.
bottom velocity' .2B t sec.:.
* see Plate No. 5, _ ge 35.
Plate 1'fo .. 5. The Tilti11g Flume.
Original set-up of erosion flume filled
with loess ready for a run. It was sub-
seql1ently found that veloci ties could
only be attained sufficient to erode sand.
So the next. step after this was to make a
tilting flume by raising the flume up bodily
and setting it on a fulcrum. Sacks of sam-
ples can be seen to the left from the Boeuf
Basin. Hook gage pot and lamp can be seen
on weir box in foreground.
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2.1 • ~ and~ for the level flume; and 4.33 •
1.8 '. . 2.8 3.60
3.6'7 • and 4.9 for the inclined flume. At the eroding
3.10 W·
velocity,. the first noticeable erosive effect was a
roughening or slight pitting of the sides and bottom in
contact with the water. No pits appeared on the center
1ine of the channe~. but developed about halfway be~
tween the center line and the toe of the nearest side
slope. The pit in the bed would first deepen about one~
ha~f inch and enlarge in horizonta1. diamet.er to about
the size of a quarter of a dollar. after which intense
eddy currents would appear. The interval between pits
in the channel was approximate~y ten inches. with bottom
ve10cities ranging from 3.6 ft./~ec. to 4~1 tt./aec.
In a typica~ pit the eddy currents enlarged the
excavation both. in depth and in plan. following which
enlargement proceeded downstream and toward the nearest
o
aide slope. at an angle of about 30 with the center
line of the channe~. Upon rea,ching the mean velocity
bott'om velocity
the side slope. undercutting developed rapidly with in~
tense lateral currents directed toward the foot of the
slope a10ng the bed of the channel.. ever digging at the
side s'lope and b'oring below bed :Level.. Upon reaching
and digging' into the side slope the current, assumed a
--36--
forward and upward movement, and. when digging. the
return current was mUddy. The return curr'ent boiled
up and laterally out at about 45° with the center line
of the stream and high up in the main channel. As the
turbulent eddy current undermined the bank. bank caving
occurred vertic.ally above and downstream from the hole
eroded in the bank.
The work of an eddy. assisted by gravity. may be
as follows': (ll dispersion of colloidal particles. (2)
the lifting out of the particles and larger pieces of
the bank. and (3) transportation of both particles and
gr"eat masses of the lifted and caving banks. As the
bank is undercut. just before a great c.ave or slide of
bank material occurs. the stre.am wi~l increase in mud..
dinees; then huge chunks of the bank will cave. part of
whicb will. fall into the pot hole exc-&vated and part of
which will be caught in the gwift current and bodily
transported. Disintegration and transportation occur
quiek1y in the case of sloughed materia~ trapped in pot
hoLes. and the issuing stream remains muddy'- unti~ the
holes have been c.leaned out.. ~"lollowing this the pot
holes enlarge downstre'am and the currents continue to
attack and undermine the bank.
The process just described continues untiL the
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influence of another similar center of erosion is
reached or until the effect from tbe opposite bank
joins at the center line of the channel. In a wide
cbannel, of course. tbe influence from the otber bank
would not be so directly effective in the erosive
process. It was noticed also that bank c.aving occurred
al ternately along the channel.! resul ting eventually in
a sinuous channel. The following tabulations. pb~to­
erapbs and charts show quantitatively the space dis-
placement of the bed and side slopes. The flume was
first run for two hours and five minutes in Z5 minute
periods with bottom velocities from 1.28 ft./sec. to
2..8 ft./sec. witb. no measura.ble erosion. "The flume wag
level throughout this entire test.
Subsequently the flume was run for one hour and
fifteen minutes in a5-minute periods on a slope of
0.063: first, at 0.1 ft. depth with 3.6 ft./sec.
bottom velocity; second~ at 0.166 ft. depth with 3.1
rt./sec. bottom velocity; and finally. at .26 ft.
depth with 4.1 ft./sec. bottom velocity. At the con-
clusion of this last run. it was decided that further
runs would be of little avail as the channel was being
eroded nearly to the wooden flume in places. *
Average eroding bottom velocity for the compacted
* "ee Plate G. 6, page 39.
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Plate No.6. The Tilting Flume.
Jrain Flume hor·izonto.#l,. but. section rnol.ded
in flume on a slope of 0.063. Photograph
sb.QwS' c.~n~i tio~ of cgr.ap~c.tedJ.unund~ted
loess 11n~ng after 1 15 run 1n perloda of
a5m each with bottom velocities of 3.6 ftl
sec. '" 3.1 ft/sec: and 4.1 ft/see-. Note
the ainuosi t.y of channel and the bank
caving near the upper end on the right
hand' aide.
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loess was 3.6 ft./eee. 8"nd the effective time required
to erode 1.3.025 eu. ft. below the water line was fO:.lnd
to be seventy five minutes. Reducing this to unit bases
of time and area, we find the material eroded at the
rate of 0.00017'5' cu. ft./sec. In a channel such as that
proposed for the Boeuf :Basin development should then occur
at the rate of O.OOOI75 X 384 or .0675 cu. ft./sec. in
each foot of length, assuming the bed and side to be
entirely of this materia1.
* see Plate No.7, "Osge 41.
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Plate No.7. The Tilting Flume.
FinaJl set-up of erosion flume as a til ting
flume. The length of the flume was 13.6 ft,
bottom width 1.0 ft. side slo~e8 1:1. recessed
erosion section 5.0 ft long. The limits of
tilt were from -3.7% grade to 113.4% grade.
The attainable velocities ranged from 0.5 ftl
sec. to 10.0 ft/sec. Lake spillway leve~ was
at horizontal pipe near top of window in back-
ground. Wa"ter w'as led into flume by inverted
12 inch pipe near window. The fulcrum under
flume can be seen. Flume was nicely balanced
at all times and easily tilted with chain-
falls shown near lower end. Flume was provided
with calibrated track. self plwnbing manometer
columna for pitot tuhe, observation platforms.
operator's car, and measuring weir with hook
gage. Flume can be tilted while running with-
Ollt shutting down. The wye-level was used to
ascertain slope of flume for each run. Both
the entrarlc e a.rld lveir measuring boxes W'el-'e
provided with stilling devices. All types of
flovr are attainable in the flume: stea!nline
flow~ Reynoldts critical range, turbulent
flow, and shooting flow above the Unwine
ra."nge.
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FLUME EROSION TEST OBSERVATION SHEET
CO:MJ?ACTED LOESS~ ..BED INCLINED.• S I: .063
TESTS NOS. 2 AND 3.
Section of soil 5 feet long l and 0.5 ft. thick on bed and
1 to 1 side slopes, packed in recessed section flume.
Surface of Boil smooth and true to standard flume
section..
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No. Time Total Depth Mean Bottom Weir Measure-
of of time af ve1oci- veloci- ment Lengtb
Run run model water ty ty 2.5 ft.
(Mine) sub- o-ver ft.7sec. ft.lsec. Read
Jected bed 0
to of sup... Dis~
scouring sam.. pressed charge
action fe weir ft. c ..f .8.(Rrs.) ft.)
2,5 Oh25m 0'.100 4.33 ~.6 9.12 0.44
, 25 Oh5·om 0.166 3.67 3.1 0.199 1..~O
8 25 1~5m 0'.2.6 4.90 4.1 0·.25 1.72.,
C,'ondi tion of the bed and banks after each run is shown by
·the accompanying profile charts.
EROSION AND BAlriC CAVING OF WET C01rPACTED L,OESS
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0.0970 0.1014 0.1066 0.1114
1 Stat~on 0 1
Initial.











































O~09?O 0.1014 0.1066 0.114
0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.1951 0.2248 0.1111 0.1408
0.0981 O.~23~ 0.0111 O.O~94
0.1107 O.061a O.O~02
O.481~ 0.3489 0.3192 0.3588
EROSION MiD BANK CAVING OF vVl1T CO!1[pACTED LOES'S'
CONTI1TTJED
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Station Q I 2 :5 4 5S'coUX"ea







































EROSION AND BANIe CAVIl\fG OF VIET CONrPACT:ED LOESS'
(C'ontinued)
Only slight pitting.
Runs 1. 2. 3. 4. 5. No erosion. flume level •
Run 6. depth on flume 0.10 ft. S~ .. •O~) Above Data
- Planimetered




• 8. • It' 0.26 ft. S' 4a, • 063)
-
Total time runs 6_ 7. 8. = 75 minutes.
A11 measurable erosion occurred during runs 7 and 8
in the last 50 minutes but no doubt there was
some influence from Run No.6. Total volume of
evacuated mate'rial wa,.8 1.0599 cu. ft.
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eross-sec.ti ons taken at one foot inter-
vals transversely with the soil erosion
tilting flume after the desired material
has been placed in the flume. The suc-
c'esaive c.roas·-Bectio~s after the ini tia1
sec·tiona indicate the contour of the ma-
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,n1tiB' $ectio" -- .
F".rst run _.- _.-
Second un _. - ..._,.-




'ros&-sections taken at one feat inter-
vals transversely with the soil erosion
tilting flume after the desired material
has been plac.ed in the fl1lIl1e. The 8UC-
ces's·ive cross-sec.tions after tbe initial
sec.tiona indica"te the c'ontour of the ma-
terial eroded after ita respective run.
Cross-section {Loesa)Sta.2.
T'be Til ting Flume.
aross-sections taken at one foot inter-
vals transversely with the Boil erosion
tilting flume after the desired material
has been placed in the flume. The suc-
cessive cross-sections after the initial
sec,tiona indiea.. te the contour of the ma-









Croas-sections taken at one foot inter-
vals transversely with the soil erosion
tilting flume after the desired material
has been placed in the flume. The BUC-
cessive cross-sections a~ter the initial
sec.tiona indicate t.he contour of the ma-
terial eroded after its' res·pec.tive run.
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Loess








Crose-sections taken at one foot inter-
vals tra,nsveI"sely wi th the soil eros'ion
tilting flume after the desired material
has been pla,ced in the flume. The suc-
cessive cross-sections after the initial
sec,tions indic.ate the contour of the ma-









rosa-sections taken at one foot inter-
vals transversely with the soil erosion
tilting flLlme a..fter· the desired rna terial
has been placed in the flurne. The suc-
cessive cross-sections after the initial
sections indic.a.. te the contour of the rna-
ter~al eroded a£ter its respective run.
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Tes·t Numbe:r: Four.
Dry ComJ2acted Loess' (Memphis S'il t Loaml
Dry loess from near the surface of a hill on the
u~ S. Waterways Experiment Station grounds was placed
in the erosion flume and compae.ted to true template
form. This loess was not in its natural bed state as
taken from the hill, but completely broken up in the
handJ.ing.
The loess in this condition eroded out at 1.5 ft./
sec. to a depth of 0.15 foot throughout the erosion
sec,tion of the fll..tme in four minutes. Water depth over
the bottom was 0.3 foot. The total volume of material
eroded was 0.637 cu. ft. and the volume eroded per foot
of flume was 0.1274 cu. ft. Reducing to unit bases of
time and area~ we find that the material was re~oved
at the rate of 0.000288 cu. ft./sec.~ and from this it
follows that in a pilot channel 30 feet deep by 300 feet
wide. development should occur at a rate of .1107 cu. ft./
sec. for each foot of length.
This particular- test has little value beyond show-
ing the eroding velocity of the material in the des~
cribed condition. and it is possible that the materia1
might assume this state if eroded from its natural bed.
However. we e'annot aceept this &8 standard because the
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eroding velocity is not sufficient to erode the same
material in its natural state or the wet state that it
might have in a natural channel.
T.'es t Number Five.
Slabs of Loess in its Natural state.
Slabs of loess in natural state about one foot
square and four inches tnic.k were c:arefully cut and
the eros ion fl-ume paved wi th same. The flume was run
at 0.3 ft. depth for 20 minutes with a mean velocity of
2.5 ft./eee. and no erosion occ,urred.. The flume was
then tilted until erosion began; the mean erosive
velocity as measured with the Gregory Pitot tube was





Compac.. ted' In'undated Loess with Scratcb.ed and Pitted Section.
For this test ~oess was inundated and allowed to
season by exposure to the air for three days. Erosion
was assisted by artificial roughening Qf the surface and
by the formation of holes in the sides and bed. A mean
velocity' of 4.1 ft ../eee... was found Bufficient to produce
scour.
Test Number~ Seven.
Compacted Inundated Loess. with. Sinuous' Channe~.
In a furtber at_t~empt to ac'c,e~erate the erosion
tes't. the ch,anne~ was made sinuous in the erosion flume.
as indicated in an accompanying aketctl; and a velocity
of 2.8 tt./aec. was run for 30 minutea. There was no
er'osion of tb.e sides. but a hole was s.'coured in the bed
near- sta~tio,n No. 5 to a dep:tb. of a~.35 ft. as a. result of
impact. 'l'he mean velocity was finalI.y stepped up to
4.0 tt./eec. (bottom velocity 3.6 tt./eec] and the noses
of the mounds shown in the sketeh were shaved off. The
bed became pitted with many holes at thie last velocit •
Teet !Tumber Eight,.
Cl.ay (Sand 2.0%. Si:tt 19%. Clay 61%) Abe. lIpee:. gr. 2..40
From Station 37Q5
Boeuf Channel..
(1 to 3 ft. deep)
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CLAY FROl\~ STATION 3705 - BOEUF BASIl~ PILOT CHANNEL
DEPTH OF SO IL BELOW SURFACE l' to 3'
EXPERIlrnThfT 1;0. 8
Section of soil 5 feet long. and 0.5 feet thick on bed
and on 1 to 1 aide slopes, packed in recessed section
of flume. Surface of soil smooth and true to standard
flume section. Approach and dischar'ge sections al so
filled with Buckahot.*
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1 2 3 4- 5 6: ?No. Time Total Depth !{ean Bottom Condition or
of of time of Veloci- Veloci.. soil after run.
Run Run. model Water ty ty Measured erosion,
8ub- over if' possible.
Mina. j e'cted bed
to of
scouring sam- ft./sec,. ft./sec.
Hr's. ple
Ft.
1 30 0.5 0.3 1.9a 1.8 No erosion
2 30 1.0 0.3 4.6 4.5 No erosion
3 3'0 1.5 0.3 6.1 5.9 Very slight pitting
in a few places.
not measurable
4 30 2.0 O.~ 6.6 6.1 Same. but for
augmentation of one
of the pits
51 30 2.5 0.3 7.2, 5.75 Same as 4
6 30 3.0 0.3 7.85 6.2 Two holes started
pitting near foot
of aide elope
30 3.t> 0.3 8.4 5.9 same as 6
8 30 4.0 0.3 8.8 6.2 Slightly more
erosion than No.7.
9 30 4.5 0.3 9.2- 5.9 S'light augmentation
of pits. h
10 1010 2.1.3 0.3 6.6· 5.2 .After lo'50
m run
* See Plate No. 8, page 58.
--57--
CLAY FROM STATION 3705· - BOEUF BASIN PILOT CHANNEL


















































Plate. No.8. T'heTilting Flume.
Erosion of Blue Clay (Buc'kshot) from sta-
tion 3705 (1' - 3' deep) of the proposed
Eoeuf Pilot Channel. T'hia photograph was
ta'ken after run No.5 of Experiment No.8.
Up to this time the clay had been exposed
to erosion for two and one-half hours with
bottorn velocities up to 6.1 t /sec'. A hook
gage and Pitot tube is shown in the pie-
ture. Note at this time shrinkage c,racks
are appearing on the side slopes of the
model. It will be also noted that the
bed has roughened considerably. The rub-
ber tube in the rear was used to siphon
off- the water so as no t to cause high-
lights on the photograph.
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ft./eec·.l. a meaaurabl.e eros'ion was noted.
Four more runs of 3€>. minutes each at 0.3 ft.
depth were run on the clay with only a slight increase
of the deepest pit.s·. It was then decided that possibly
more time was required for the erosion of' clay; so for
run number ten the flume was allowed to run for 16 hours
and 50 minutes. The depth of water in the flume during
this run was 0.3 foot and the mean velocity was 6.6 ft./
s·ac. (bottom Teloci tYIi 5,.2 ft./sec.). Obaervat,i.ons made
at the conclusion of this run revealed that the, ar~ of
surface erosion had been nearly doubled. After each
rtm cross...sections o-f' the flume were taken and p.lotted
to ascertain the quanti t,ative erosion. The flume Via.S
also leveled at the: conc1..usion of run number ten. the
erosion pita filled with water. and the. water siphoned
off through a measuring graduat,e.. ~he weight.ed mean o·f
erosiTe mean· Te~ocitiea was 9.1 ft.!eec. (Bottom velocity
6. c) ft./s-ee.l. The measured erosion was 0.3.28, cu. ft.
for the fiTe foot erosion sEaction; tbe' effective eroding
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time' was ZO hours. This' i8 equivalent to 0.328
, 5 x 2.0 x 60 x 60
=O.OOO·QOE).91I. en. f't ./gee. per foot of flume I; whic.h is
further equiValent to 0.000000493 eu.• ft./eec. :per uni t
area. And tbe erosioD per aecond per foot of pi10t
channel on this basis wil~ be 0.000190 c'u .. ft ... as-..
surning bottom velocities of about 6 f't ../sec·. {5.9-6.2..}.
These velocities .. are. of course. higher than c·an be
rightfully anticipated in the proposed pilot channel.
Wi th erosion occurring at the r'ate of .00,019 Cll. f't./sec.
per unit length of channel in nature. full development
o:f the pi~ot channel may be obtained in 1'17 ye.are with
the st,ipulated vel.ocities. Indications are that no
erosion of consequence wi11 occur at less than six feet
per second bottom ~elocity. and it follows that if ve~
locities are kept within limits anticipated for the pilot
c.hanne~ (5.2 fls mean; 3.8 fls bottom) 800 - 1.000 years
will be required for the necessary development to super-
flood capacity.. Six hundred years will probably be re-·
qnired for development sufficient to ac..comodate a 15
year f~ood.
From the irregular increase in size of the erosion
pits with respect to the center line of the channel. it
is appar'ent that a sinuous channel wo·uld eventually be
produced.
Two addition~ runs of sixty minutes each (runs 11
and 12) were made a.t 0.3 ft. depth and 0.45 ft. depth
respectively. attempting to get flow conditions in the
middle turbulent region above the Reynoldts Critie.u
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stage and beJ.ow the Unwine c.ri tical stage. T'hese runs
produced only slight effects.
Test Number Nine.
Clay .(Sand ao%. Silt 19%, Clay 6~%)
(From the Boeuf Basin)
Underlain with sand. compacted. inundated. and
seasoned for three days before tested.
Borings were made by the Vicksburg District in the
Boeuf Basin. cOnIDlencing near Arkansas City~ at intervals
of about two miles. The average depth of these holes
was 50 feet. The borings follow along the entire length
of the basin for a distance of' about 124 miles. F'or
most of this distance the logs of the holes indicate a
surface layer of clay from 12 feet to ao feet in thick-
ness. Below this clay stratum is a bed of saturated
a-and grading somewhat coarser with depth. In some
c.as es gravel was encountered in bo ttome af holes,. but
.in most cases the holes bottomed in sand.
The ne'xt experiment in the erosion flume was de--
signed to reproduce this latter c.ondition. Sand was
packed in below a layer of clay and inundated all night.
Following this. the flume was allowed to season for three
days" when it was evidenced by the formation of cracks
that the clay had a.ssumed its natural granular structure.
at,er 0.5 ft. deep was run BO as to impinge on both
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strata. and the flume was given a slope of 0.00184 t.o
l)roduce a mean bottom velocity of about 1.5 ft./aec,.
The mean veloci ty was 2.2 ft./aec. Observat.ions were
made lith depth-bed-scope (Geschieberohr), and in five
minutes the approach and discharge se'ctions of flume
were practically cleared of all bed sand. The flume
was immediately shut down for further observation.*
Tbe immediate observation showed that all of the sand
strata down to the recess in flume b.ad gone out. leaving
over-hanging banks on both sides. It was noted as the
stage in the flume vas lowered. that bank caving started
on one aide and continued for nearly five minutes. The
caving was more intense on the left hand bank of flume.
indicating that there had been a longer test range.
sinuosity of channel would have developed. The more
plastic the material beca..me on wetting. the less bank
caving was noted. This was also true with respect to
tranaportabil i ty. lfext the bott.om veloci ty was stepped
up to 2.5 ft./see. by increasing the depth to 0.8 ft.
The flume wae run at this depth for 15 minu tes.. The
caved material remained wher'e it. fell from the bank
for the most part. These caved pieces were of
irr-egu1ar shape ranging from chunks 6* :x: 3" x 1.5-
Plate No.9. The Tilting Flume.
Sand strata was placed below strata of
blue B.ucl<:sbo t frarn Station 3705 J the con-
tact plane being horizontal. The tilting
fItnne was nearly horizorltal .. the slope
b.eing 0.00184. water 0 .. 5 ft deep was run,
the bottom velocity being 1.5 ft/sec )mean
veloci ty 2.2. ft/sec... ). In five minutes
sand in a_ proacb and discha.lrge sections ha.d
erod.ed out and sand in· era sian section was
down to the level of the fixed approach and
discharge sectional leaving overhanging
banks. When the water level was let down.
some bank caving occurred as will be noticed
on the right bank.
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to smaller pieces lesa than 1." in diameter. After
15 minutes- most of the finer ~aterial had washed out
but all of the larger pieces still remained. The
depth was then reduced to O.~ ft. and velocities
stepped up gradually until a. bottom velocity of 5 ft.1
sec was attained. At this velocity the larger pieces
were washed loose. Five feet per second was found to
be also the critical depositing velocity as some of the
largest pieces remained in the lower end of the flume.
Thus. for this condition the transporting velocity is
much higher than bank caving velocity. T'his process
consumed 20 minutes. Figure 4 shows the condition of
the erosion section after caving bank material had been
evacuated. Assuming a water stage of 0.5 ft. in the
model initially. and an ultimate depth of 0.8 ft •• the
channel modifications took place in five minutes eroding
time at bank caving velocity. plus possibly another fiTe
minutes traDsporting time at transporting velocity.
Al.though development of the·channel. was apparently
assisted by the undermining of the clay strata and the
subsequent caving of banks ,.. it was noted that the time
r-equired to disint.egrate the c-aved lump was an important
cOD'sideration. Practically the same time will be re-
quired fO'r development of a c'hannel wi th a·n underlying
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sand layer as will be necessary in the first case
considered. Sand movements being of local importance
only. in a long channel shoal reaches are created below
the regions of transportation and in these places the
clay will tend to deposit and seal the sand. The gener-
a1 model of the basin indicated that depositions will
occur in back-water areas opposite and below Monroe and
that the channel will completely fill up in this lQ~
cality.
Test. Number Ten.
(Sand 39%. Silt 40%. clay 21%)
(From the Boeuf Basin Station 4200)
Compacted. then Inundat,ed. Seasoned, Three Days.
The approach section. erosion section. and dis-
charge section of th·e erosion flume were filled .. and
compacted to tenlplate vli th red sandy loam from station
4200 C of trle Boeut Basin pilot channel. The flume waa
then inundated for 12 hours and afterwards- s'easoned for
three days. cracks appearing in the material in the
in~erim to indicate the return of the material to its
natural state.
The flume was run for two hours and five minutes
in as minute intervals with a constant depth of 0.3 feet
and bottom velocitiea ranging from 2.3 ft./see. to 4.9
ft I A-t tke minimum elocity of 2.3 ft./sec. very_ - •. sec. 1..1.
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slight pitting occurred at two places in the bed of the
channel. These pits started from shrinkage cracks and
this erosion ~las upstreoar.a from where atarted. and near
the center of the channel. At a bottom velocity of 2.6
ft./sec •• additional small pits appeared. mainly in the
bed but several on side slopes near the water surface.
In all cases these pits started from shrinkage cracks
and worked upstream. At a bottom velocity of 3.8 ft.1
sec •• no new pits appeared but old ones weI'e sligb.tly
augmented. The average measured pit size was now about
1 inch long by 3 inches wide by 1/2 inch deep. At a
mean velocity of 6.2 ft./see. (bottom velocity 4.8 ft./
sec.) no further change appeared. but at a mea'n veloci ty
of 6.7 tt./aec. ('bottom velocity 4.9 ft./see.) the pits
were greatly enlarged. and shrinkage cracks along the
toe of the side slopes enlarged as if they were on the
verge of eroding out long holes. The enlargement of
holes now appeared to hie working downstream instead of
upstream. and the average size of pit was 2-1/a wide
by • longb'y :1:- deep. Surface pitting appear'ed generally
over the entire bed. The holes started on the side
slopes did not enlarge to any considerable extent.
In a five foot length of flume the measured erosion
was 64.4 cu. in. (0.03'73 c'u. ft.) on the bed and 2.3.8 cu.
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in. (0.01376 cu. ft.) on the side slopes below the
water line. There was no bank caving. It is to be
noted bere that the bank erosion was 37-1/a per cent.
or 3/8 of the bed erosion. The effective eroding time
was 100 minutes. The eroding velocity was 4~9 it./eee.
(bottom). the mean velocity being 6.5 ft./sec.
Reducing the total amount of material eroded from
the flume to bases of unit time and area, it is found
that .000000918 cu. ft./eee. was removed per unit area.
The corresponding volume that might be removed from a
channel 300 feet wide at bottom. and 30 feat deep with
~:l aide slopes. is O.OOO~54 cu. ft./eee. per unit
length. It is obvious that, with all material of the
red sandy loam type and with velocities some hat in
excess of those possible. erosion would progress nearly
twice as fas t as in the cas e of the c'lay previously
investigated. ~suming best possible conditions. how~
ever. 102 years will be required for full development
of the channel and under normal conditions. with back-




FLUME EROSION TEST OBSERVATION SHEET
TEST ON SANDY LOAM -- S"TA,TION 4200 £ BOEUF BASIN
TEST NO. ~O·.
Section of Boil 5 feet long. and 0.5 feet thick on bed
and on 1 to 1 side elopes. packed in recessed section
of flume. Surface of soil smooth and true to standard
flwme section. Also approach and discharse section
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Red Sandy Loam Over Sand
(From the Boeuf Basin)
S'tation 4200
Materials compacted. then Inundated. Seasoned for three
days.
The material. red sandy loam from station 4200 of
the proposed Boeuf Pilot Channel) used in run ten. was
smoothed to template grade (b. 0.916 ft •• side slopes
1:1) in the approach and discharge sections.* In the
five foot erosion section. the lower 0.3 ft. of the red
sandy loam composing the sides and bed was removed.
leaving the upper portions of the Boil suspended on the
flume cleate. Sand was then packed tightly in place to
act as a support at the bottom after wetting. In this
was, as before. the underlying sand stratum was repre-
sented. ater was run 0.5 ft.· deep for seven minutes.
during which time tbe sand washed out to a depth of
0.10 f'eet. Practically all of the sand moved was
carried out by the current during the first three mi-
nutes of the run.
The mean velocity was 2.5 ft./eec. and the bottom
veloci ty was 2.0 it./eee•• which of course was in excess
of the eroding velocity gf sand. This. same sand eroded
* See Pla.te No. 1.0, pa~e 7Q.
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Plate No.lO. The Tilting Flume.
Red Sand y Loarn af t er 8 and etr'a ta below had
~aahed out. Note the additional bank ma-
terial caved by comparing with previous
photograph. Also note the caved material
strawn along the bed of the channel. The
harmuer in tile background indica.,ted t~h,e
scale of the picture and the relative size
of the debri& and caved portions of the
side slopes. When this view' was taken,
the flu_me bad' been rlln 32 minutes. tile
rnaximur.a batt'orn velocity being 2.• 0'/sec.
Tbe caved mater'ial in gener'al slaked rapid-
ly. in which condition. it evacuated readily.
.__ rl0__
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at a -rnea.n velae i ty of ,.2.. ft./sec. (1.5 ft./s ec batt.om
velocity) under a layer of buc·kshot in rV.TI nine,. which
can in this case be taken as the eroding velocity. The
voluJne of san.d evacuated in approximately four rninutea
by observation was G.4 cu. ft. in the five foot flume
section. The sand belo\v a depth of 0.10 feet. from the
bottonl of the original channel remained in the flume
after the run.
en the flume was shut down after the seven minute
run, large slabs of the loam c.~aved from the bank. The
flulue was now run at the same depth for 25 minut~es~ wi th
the mean Teloci ty at 2.2. tt./sec.• (bottom yeloci ty 1.9
ft./sec. ).
The large slabs of sandy loam rapidly disint.egratecl
into small particles whic.h would all be carried Qut eventu--
ally at the mean velocity of 2.2. ft./sec. by b,eing rolled
along the remaining bed of sand. The disintegrated
particles referred to were from 1/2 to 3/4 in diameter.
In concluding this t.-est the flume was giTen its
maximum tilt of S • O.13·~S t.o produce a mean 'Vi'eloci ty of
10.. 5 ft./sec. (bottom velocity of 6.7 ft../sec). with a
depth of water of 0.5 ft. The time given the final run
was 25 minute-e.. All of the sand and mater-ial c:aved from
the bank was evacuate'd as is shown in the las·t photo-
graph' nnder experiment. numbereleTen.
RECAPITULATION~ DISCUSSION OF RESULTS.
In the Boeuf pilot channe~ enlargement in the upper
section may occur through both widening and deepening if
sufficient time be allowed for this to occur. The clay
banks of the di tch may be expec,ted to erode under the
most favorable conditions of operation--assurning annual
clearing and the removal of obstructions--to such an
extent that a bankful capacity sufficient to accomodate
a 15-year flood. may be obtained in 600 years. Another
400 years will be required for the channel to enlarge
to superflood capaci ty. If this is the cas e,_ it ceaaes
to be to be river engineering and should be relegated
to the field of geology. The movement of caved material
will be largely by suspension and only small amounts
will be carried as bottom load. It is believed that in
overbank and backwater areas. the movement of sand will
be only local and almost entirely in the form of sand
waves. In the regions of underlying sand deposits the
tendency to meander will be more manifest than in other
sections of the floodway due to the fact that any slight
obstruction or lowering of velocities will cause immediate
deposition with the consequent impingement of the current
a,gainst the oppoai te bank. It appears that a.s Boon as
the channel rea.ches the backwater" are-a at about the
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latitude of ... tonro e. heavy deposition of aa.llds and silts
will occu.r in the channel and in the Qverba.nk ar'ea.
There is extreme unlikelihood that this material c.an
be flushed out during lovv-wa.ter stages. since it is
only ~)ossible to obtain sufficient flowage for this
fronl oveI1J bank wa.ter of the Misaissippi River. This
will be during flood stages when the backwater effects
will prohibit flushing. and as a consequence there will
be an accumulative piling up of detritus accompanied by
a consequent raising of the backwater curve. Following
this there will be observed a general reduction of
capacity and an eventual deterioration of the channel.
The eff ect on the Ouach,i ta,. River will probably be a
idening and shoaling of the stream accompanied by more
deposition of silts carried from above.
The assumed channel section (30 ft. deep and 300 ft.
wide at bottom. with 1:1 aide slopes) was indicated to
be as satisfactory as any for the Boeuf basin. The
ratio for side slopes (1:1) aas been shown by tests to
be most reasonably advantageous to proper development
of the channel through either bank erosion or bank
c.aving and in addi tion .. certain c..onstruct.ion advan tages
may be attached to this slope of cut•
.Al though certain ra tea of channel enlargement ar-e
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Given under results of the tilting flume experiment. it
must be realized that these results apply only to t.he
nlaterials inves tigated in each case and to the same
materials as they were placed in the erosion flume.
Notwithstanding these facts. the rates. as given,. fl1rnish
a good index to what rnay be expected in nature., and it
is probable that similar soils encounter'ed in the Boeuf
Basin will give nearly similar results. In any case it
has been foundposs'ible to predict vlhere erosion nlaY or
may not occur and to predict likewise the locations of
probable depositions. As brought out in earlier' para-
graphs' of this report. each partic'ularsoil must be
tested on its own, merits; it is obviously a mist,a]ce to
a tte'mpt the application of generalities to any specia.l
case or even to the solution of the general problem.
A Bummation of all facts brought out by the many
tests conducted serves to indicate that lit.tle or no
uniform development, of t.he pilot channel in, the Boeuf
Basin nay be reasonably expected. ~he Boeuf basin
presents a problem in that here a considerably
greater uniformity of soil types is to be found. and
that. the surface layer of soil is underlain through-
out by a sand stratum that may succumb locally to the
action of flowing water. Here the main
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difficulty is that of moving the eroded sand out to a
final resting place beyond the mouth of the channel. and
of, like ise. loving out the particles of overlying clay
caved in by an undermining of the banks. and disintegrated
by the force of the ;.ater. All the investigations showed
that a idening of channel may reasonably be expected in
Ii it d reaches of the proposed channel. but that on the
other hand there will be many reaches in which little or
Ii b.n failure will occur. The eJ~periments also bring
out that here erosion may occur. it will be followed by
a meandering of the original alignment and a consequent
10 ering of velocities, Which. although destructive to
concave baJn1~8) ill be lesa and less effec·tive in pro-
die ing uniform development of the c'hannel as a whole.
Tb.eobaervat,ions made on the geographical model of the
Eoeu! basin bear out this reasoning and show further that
several extended regions of deposit will be produced.
The net result of all the investigations is to show
the impracticability of the proposed plan and warn against
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75. Factors Influencing the Binding Power of Soil
Colloids. J·our.Agri. Resea.rch 28: 499-513. illus.
76. National Conservation Commission. 1909. Report of
the National C'ons'ervation Commission. February 1909
Soil Literature.- Conttd.
. .
76. 3 Vol. illua. (U.S. 60th Congress, 2d Sess. S.
Doc. 6'76).
77. Novak,V. 1927. Conclusions of the first corrunisaion
meeting at Rothhampatedharpenden. 192.6. Internatl.
80c.80i1 8ci.16 p. Brann. CzechoBlovakia~ {In
English. French and German.]
78. Robinson, W.D. 1922. The A.bsorption of '" ater by'
Soil Colloids. Jour. Phya. Chem.26:657-653.
79. Holmea.R.S. 1924. The CheInical Composition of
Soil Colloids. U.8. Dept:.Hgr .Bul.1311.4.2p.
80. Properties of Soils which Influence Soil Erosion.
by H.E. Middleton. Technic'al Bul.No.178; March
1930; U.S.Dept. of Agri •• Washington. D.C.
81. ~osion and silting of Dredged Drainage Ditches.
by G. E. Ramser. June 1930; T·eeh.Bul.N'o.1.84; U.
S.])ept of Ae;ri.,. Washington. D.C'.
82. A Treatise on Sedimentat,.ion., by Wm.H. TWenhofel.
Published by Williams & Wilkins' Co•• Baltimore.
Md. 1926. 661 pages.
63. Special Report of the Mississippi River Cormnission.
70th C'ongress I: 1st Session-·House of Repre. --11....28--
27.
84. Hydraulic Teats of Overtopped Railway and Highway
Embankment.s during Floods'-Public Roads. Vol.ll.
No.2 •• April 1930.-Dept. of Agri. Tests made at
University of Iowa.
85. Hydraulic Modes: Model teata insure correct
hydraulic. design. by E. Brown-~P'owerJ Vol.73.
No.21.' ]Jfay 26,1.9·31;pp 815..816'-4 f·igs.-Water Power
Plant,s ..
86. Hyd'ra'ulic- Labora.toriea--U'.S.--The Nat.ional Hydraulic
Laboratory. H.N.Eaton. Commerc.ial Standards Monthly,




87. The Engineering Index Service~ 2SW.39th st. New
York City. Issues cards weekly on any Branch of
Engineering Publications.
88. Great German Hydraulic Laboratory~ H.Rouae, Civil
Engineering. N.Y. Vol.l. No.8. N.ay 1931;" PI> '715-520,
9 figur-es."
89. Hydraulic Laboratories, Germany: H. Rouse~ Same as
No.88 above.
90. Reconstr""uction of a Large Spillwa"y"~ R.F. J1'wald"
C'ivil Engineering~ N.Z".,. Vol. 1, No.8. }Jfay 1931;
pp 709-714; 14 figs. Model tests.
91. Resherch~a sur 1a similitude (Research on Similitude)
; C. Cam1chel. J. Leclerc due S~blon and L. Escande.
Genie Civil. Vol.98" No.16. Apr". 12. 1931; pp
391-395; 1 fig. (To be continued).
92. Theory of Similarity and Mo~els~ :a.F. Groat,. Am.
Soc.C.E"._Proc. Vol 57. No.3. Mar. 193.1;--pp483-485,.
1 figure.
93. ark about to start on National Hydraulic Laboratory.
E.C. Hutchinson. P"ower, Vol.75·, No.1S", April 2.1,
1931.
94. Theory of Similarity an.d Models, B.F. Groat~ Am.
Soc.C".E. Proc.-Vol ..5"6. No.8. Oct. 1930_ pp 1803--
1833.
95. El Laboratorie de Hidraulica de 1a Eseuela de
Ingenieor"os Industriales de Barcelona (Hydraulic
Laboratory of Barcelona S'chool of Industrial Engineering)
R.Marquee, rngenieriay C"onstruccion. Vol. 8. No. 96,
Dec. 1930.:pp 652-&5.8. 7 f'"igs·.
86. Short Cuts for' City and Water Works Engineers. E. H.
l~"i"lCO,X" we.~tern C"ityll' Vol. 6 •. 1fo.l0. Oct~ 1930t pp44-47.." 2 fJ.gs'. 1.5 Nomograms. ,(To be c:ont.lnued. J
97. Hydraulic Laboratory Research of the state University
of" Iowa. by S".Jl".. ',oodward. Scientific Monthly) Oct.
19'3'0 .Pp' 3'28...S~. 12. figS'.
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Soil Litera~ure.- Cont'd.
98. The Regulation and Control of Rivers and Various
Considerations Arising therefrom" by A. Gibb. Chinese,
and American Engineers. Journal. Peiping~ Vol. 11.
J'i"o. 8,. _\ug. 1930. pp 31-35.
99. For Revenue__A Hydraulic Testing Laboratory., J. S.
Carpent.er. Power Plant Engineering. Vol .. 34~. No. 18.
Sept. 15. 1930. pp 1068-1069. 3 figs. Turbine design.
lOO.The Hydraulic Laboratory at Zurich. S\vitzerland, by
E. lleyerJeter; Ganie Civil (Paris) Vol. 97, No.1l,
Sel)t. 13~ ~930. liP 245-25'1, 9 figs •.
lOl.Same as lOO--Schwaizerische Bauzeltang, April 18. and
26~ 1930--by Meyer - Peter.
loa..Hydrau.lic Char'acteristic.s of Hastings Lock and Dam.
stl1diedby Means of 1vrodels", H. Hill. .Jrinnesota Fed-
eration of Arch. and Engr. Soc. Bul. Vol. 15, No.
12,. Dec.• 1930 .. IJp: 709--four figs. Expt,. performed at
Iowa state IT.
l03.Progre'ss in Hydra..ulicB--Mech. Engr. Vol. 53. No.1.
Jan. 1930~ pp. 23-24.
l04 .. Hydraulic Laboratory--Dutch ]Rst Indies, by H. Ulugt.er,
aterstatta Ingenieur (Sourabaya). Vol. 19,. No.8, AU,g.
1930,.l?P 208-211--6 figs.
l05 .. Text--Hydraulics for EngiBeera and Engineering
Stt1.dents. F. C. Lee. 5th Edit ion ~ lr. Y. L,ongmens. Green
& Co.. 1930 .. 775 p,p illuB. diaga.• tables--t7.50.
l05.1lodern Hydo- 'erodynamical Rea~arch in Germany by ;T.
W., !~c colI. Ro yal Aeronaut i c,al Soc. J. L. (La ndon ) •
Vol. 34. No. 236•. ng .. 19~O. pp 649-679'•
107. Model T"esting--A phase'of design,. C. L. Avery. Natl.
nee..'. Light Aasn ..--BUI. Vol. 17. No. 12. Dec. 1930.
pp '7615a--'1'69--e tiger.
1.08. German Hydr'aulic Engineering Research,. Baurat Korner'





109. Ttleory of Similiarity and 1_i!~.odels. B. F Groat It""",
- • . ,~1!.
Soc. C. E. Froe. Vol. 57. No.2, Feb. 1931~ pp 359-
377--1 fig.
110 ....'\. simplified IIydraulic .Jump for nula,. Ko- R. Kenl1ison,.
Civil ~illngineering. N. Y. Vol. 1. No. I. March 1931~
p 543~ 1 fig.
Ill. Forschllngsarbei ten euf deln Debiete der technischen
Hydrodynamik (Researcb Studies in the province of
Engineering Hydrodynamic.s) by S. Erk, F'orschung auf
dem Gebiete des Ingenierv{essens~ Vol. 2.. No. ~,. Jan.
193~. pp 19-2? 6 figs~ Sixty-eight problema
discuss·ed.
112.• The design and construction of complicat.ed hydratllic
str"uctures. C. P. Dunn" and I. :8. Bu.rks" Engineering,
Vol. 131. No. 3401. Wlar. 20,. 1931,. pp. 390-391.
113. Application of Hydraulic Laboratory Researches. I.
H. Winter • .Am. Soc .. l\!ech. Engra.--... dvance paper. for
meeting Apr. 20.2.1. 1931. 9 pp, 16 figs.
114. f\n investiga.. tion of the Back-Vlater SU~)l)reSSOr as'
Applied to a Hydrolectric Installation. A. H.
GibsOl1. Instn. Civil Engrs--Selected Eng. Papers"
No. 92, 1930. 20 pp, 9 figs.
115. Notes on Hydraulic l[odel Experiluentat.ion. H. D.
Vogel). _.;lilitary Engr •. Vol. 23. No. la7. tTan-Feb ..
1931. PP 08-73--5 figs.
116. Hydraulics for mgineer:s,. R. • Angus. London. and
N. yo. Isaac Pi tman & Sons 1931..304 pp. illllB.
diags., charta. tables----, 3.50.
117. California--South Coastal Basin--C'alifornia Dept.
Public. Works Bul. }lo •. 32.• 1930. '19 PI'. 7 figs.
11.8 •. The Hydraulic Jump and Rela ted Phenomena. by B. A.
Bakhnletaff 1\m... Soc. ech .. Engrs. dvance Paper.
June 15. 16, 1931.. 9 pp 2~ fig. Kineticity of
flo ~ etc.
119. First Flood,way Experirnenta of Vicksburg Hydraulic
Soil Literature.- Conttd.
------~ .
119. Laboratory, Engr. News-Rec. Vol. 106, No.24 , June
11, 1931~ P 970. 3 figs.
120. ]rodel Testa Insure Correct Hydraulic Design" E.
Brown, Power, Vol. 73, No. 21, May 26, 1931, PI>
815-818, four figs.
121. Index of survey and Physical Da+a, Thiasissippi
River, Except Discharge Observations to 1923.
Compiled in Office of the Secretary, Mississippi
River COIOfllis sian. St. Louis" 49 Pages.
122. Daily Discharge of Mississippi River and its
Tributaries and Outlets, 1928-1929. ] .R.C. st. Louis.
58 pages.
123. Flood Control in the Iississippi Va ley. l' essage
troln President. United states Dec .. 8, 1927.
DOClment No. 90. Seventieth Congress (36 pages).
12,4 .... ct for Control of Floods on the issisaippi River'
and its Tributaries: approved May 15. 1928, Public-
No.391~7'Oth Congress (6 pages).
12.5. Report of Board on Control of Floods on the Miss-
issippi in the lluvial Valley--Annex No.3. Report
of Brig. General T'. H. Jackson. Dec. 1. 1930--31
typewrit'en pages.
126. Report of Board on Control of Floods on the Miaa'-
issippi River' and ita T'ributaries. Aug. 8_ 1928.
(9 pages).
127. Index to Repor-ta of the Mia siss'ippi River' Com-
mission 1879 to 1920- C'ompiled at the Secretary'g
Offic, .R.C•• st.• Louis. 1921. 24'7 pages.
128. Report on Control of Floods in the Alluvial Valley
of the Missiseippi River--Hydraulics of the Boeuf
Basin. ",,"nnex No. 7--By -rna. P. Dean. Dec. 1. 1930.
,bout 40 pages plUS ma,ny blue printed charts and
profiles.
1~9. Report on Control of Floods in the lluvial Valley
of the Lower Mississ·ippi River. Annex No. 12,
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Soi! titerature.- Cont'd.
129. Land Data--Boeuf Basin Mapa--Vol.2. By Major J.C.
H. Lee--12-1-30.
130. Flood Control of the Lower' Mississippi Valley. re-
port submitted by The Board of state Engineers to
H. P. Long, Governor of Louisiana. 11-30-1929.
131. Special Report of the ]lisa:iss'ippi River Commission
on Revision of Plans for Improvement of Navigation
and Flood Control of the Mississippi River--St.
Louis-~11-28-1927. M.R.C.-- House of Repre. Comm.
Doc .. NO.1,. 70th C·o~ress. 1st Session. 328 pages.
132. Index to Proceedings of the Mississippi River
Commission--1879-1919. Printed in 1921. st. Louis,
l~o. 429 pages.
133. Comparison of Cro8s'-sec.tion EleInents--Vicini ty of
Poydras Crevasee,. About 20 pages, partly typed
and partly in pencil report. In Mr. Schweinerts
private files. lO-6-192G.
134. 3120 E.i. Methods and Instruments used in Obtain-
ing Sediment Samples in Vicksburg Engineering
District--Prepared by Mr. Long. 2 pages--8 pages
of photographs. 1931.
135. 3107 H.h. Photographs and Blue Prints showing the
Installation and Method of Using Ford Pick-up Truck
on 'ropogr'aphic SurTeY8--.l.~emphisEngineer Distr'ict.
1 page--several photos.
136. T'ranscript of Record--In the U.S.C'ircui t Court of'
Appeals) fifth district--No. 5928. U~B. of Am.
Rt.al. appellants versus R.Foster Kincaid. Sr.
'ppellel~ Filed 6-12-30. 128 printed pages on
Boeuf hearing.
137. Monograph on Boeut Basin Floodway--Proposed Levee
Grades. By Lieut • .Ino. P .. Dean. C.E'. 21 pages.
138. Study of the action of the Boeuf River Floodway
by E.W. Lane. 12 typed pages.
139. A Pipet e Method of Mechanical Analysis of Soils
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139. Based on Improved Dispersion Procedure. By L.B.
Olmate'ad. L.T'. Alexander. H. L. Middleton, T'ech-
nical Bulletin No. 170" Janus"r'y 1930. Bureau of
Soils. Dept. of Agriculture. 23 pages. '
140. Circular 419 Bureau of Soils. Grouping of Soils
on tlle Basis of Mechanical Analysis. by Davis and
Bennett.
141. Soil Corrosion Stlldies 1927-28. By K. H. Logan_
Bureau of Standards Research Paper No. 95. Aug-
ust 1929. Price 10 cents.
142. Mississippi River Flood in 1927. Proceedings
the American Railway Engineer Association Journal.
143. Eackwater Experiment., Aug. 1930. Paper V, Water-
ways Experilnent Stat,ion. Vicksburg. Miss'. Printed
document of 1[.R.C.--10 pages wi til illustrations
and charts'.
144. Someaspeata of flow around benda, bridge piers
and over highwa.ys and railway embankments. by D.
L. Yarnell. Senior Drainage Engineer~ Bureau of
Publ ic Roads t U. S.D•.A.-,~Preprint from ttBulletin
of the Associated state Engineering Societies-.
Oct. 1930. 14 printed pages. Expta. at, U. of
Iowa.
145. The Year"s Developments at the Alden Hydraulie Lab..
oratory,. by ehas. M. Allen. Prof~ of Hydr.~
Worcester Polytec11nic Insti tu te. -Tanuary 19~O ..
11 printed pagea.
146. Hydraulic Laboratory Researeh at the state
Uhiversi ty of Iowa. by' Prof. Sherman M. oodward.
Head of tbe Department of Mechanics and Hydraulics,
College of Enginee'r·ing. T'he state Universi ty of
Iowa. Reprinted from the Scientific Monthly.
October' 1930. Vol.~. pages 3G8-337. 10 printed
pagea~ illustrated.
147. The prineiple of similitude by H. D. Ebrgot,
Second Lieut •• Corps of' Engineer's; c.arbon copy




147. with Prof. Reynold's and Drisco in 1929-30•. bout
40 typevITitten pages. Property of Lt. H. D. Vogel.
Vicksburg, Miss.
148. Report on the C'ontral of Floods in the Alluvial
Valley of the Lower Mississippi River--Report of
the Chief of Engineers. U. S. MIny. 1fimeographed
copy. 28 pages. Lytle Brown. ][ajor General.
Chief of Engineers. ashington~ D.C. Twenty
annexes to report. liar Department. Washington. D.C ••
February 28. 19~1.
149. Re~90rt on the Control of Floods in the Alll1vial
Valley of the Lower Miss'issippi River..-Annex no.l.
Report of the Board of Engineers for Rivers and
Harbors. War Dept •• Washington. D.C. Feb. 10, 1931.
Photostat of 21 pages.
150. Report on the C~ntrol of Floods in the 11uvial
Valley of the Lower Mississippi, River--Annex No. 10;
Estirnate of Cost by Brig. Gen. T. H. Jackson,.
Division Engineer,. Lower" ~!issiasippi Valley Division.
War Dept. Washington. D.C. Dec. 1, 1930. 38 type-
written pages of figures on costs.
151. Report of Board provided for in Sec. 1 of ~ Act
for the Control of floods on the Miss'issippi Pt'iTer
and its tr·ibutariea. and for' other I)uTJ?oses •
approved :May 15. 19Z8. Washington. D.C. ug. ·8,. 1938.
9 print.ed pages -- If.R.O.
152. Notes on Hydraulic Model Experimentation by 1st
Lieut. Herbert D. Vogel. Asst. to the President.
M.R.•C. ~ Director U.S:. aterwa.ys Experiment Station.
Vicksburg,. Miss". Arti ele in the ]Kili tary Engineer.
Vol.x:xxn~·No. 127. Jan ..... Feb,. 1931. Pages 68 to 75.
173. Hydra.ulic Studies of Proposed Dam No. 31,. Ohio
River. .Experiments Perfornled in Hydraulic Lab. at
Vicksburg. imeogra~hed and illustrated. about 50
pages.
154. Report on Tr,ip of' Inspection of European HydraUlic
.Labora..·to ries .. to the crhief of Engin'eers. Metz.
France. April 10. 1931. 15 typed pages by 2d
--90- ...
So ilL i t erature • - C.o nt' d •
154. Lieut. C. E. Herbert W. Ebrgott.
155. Sediment Investigations on th~ Mississippi RiTer
and its tributaries prior to 1930~ Paper H of the
TJ. S. Waterwa.ys Experimen.t Station •. Vicksburg, ,_iss.
July 1930. 84 printed pages in Bulletin.
156. The U. S .. Waterways Experirnent stE:.tion. The Iviilitary
Engineer. Vol. ~IJ No. 128, pp 152-153. by 1st
Lieut. Herbert D. Vogel, Director. (Mar. pr. 1931).
157 .. R.eport to Deterrnine the Erosion at Lovler Ends of
the Dredge Borrow pits in the Bonnet Carre Flood~
way. Experiment at Laboratory. 3 pages--4 pages
illustrations. 1931.
158. Experinlent to Deternline the Erosion at Upper Ends
of the Dredge Borrow pi ts in the Bonnet C.arr'e Flood-
way. a pagea--3 pages illustrations. (Spanish
llfoss to repr'esent forests.} 1931.
159. R.eport on Suppl.eme11tal Experiment: Bonnet Carre
Floodway.. Mar'ch 6.. 193~. 3 pages--4 pages illus'-
trations.
160. Chamberlain & Sali8bury~ Vol. 1. Geology--Henry
Holt & Co.~ New York. pp 83; ~ 106; 106 B Chart
p 115; add pebblea later to flow to see if it will
increase erosion.
Silt and Scour~References.-
16·1. Carr'iage of alluvium by wa-ter courses" F. Drouhet,.
Engineering and aontracting. Vol. 49. pp 524-555.
ray 29,. 1918.
162. Clay boulders and the rolling ac,tion of water. E.
B. Watson. Soil Science Vol. 3. pp 515-514. ~une
1917.
16~. Concentrated flow erodes rock below ilson Dam. R.
P. Oren. Engineering News-Record. Vo1.98. pp
190-192. Feb. 3. 1927.
164. Control of Gullies.. R·.E. Uhland and ~. c. Woo~ey
Silt and, .§gour Refer'encea.- Cont'd.
164. .issouri Agri. Expt. sta. Bul. 2.71-'--1929.
165. Draula of Wra thflll ,vatere. If.H. Bennett. Am-
er'ican Forestry. Vol. 33, PI' 323-32,7. June
1927.
166. Effect of flowing water' on the at,ability of sand.
C. 1{. Daily., Engr. News-Record. Vol. 93~ P:P 649.
~:pril 16" 1925.
167. Erosion and silting of dredged drainage ditcheS".
C. E. Ramser. Engineering and Contracting. Vol. 66.
pp 71-79. Feb. 1927.
168. ~osion and surfacr run-off under different soil
c'onditiona. F. L. Du.lsy and M. L. Miller. Itfissouri
Agri. Expt. sta. Research Bulletin. Vol. 6,3. pp'
1-50" 192.3.
169. Factors influencing run-of~ and soil erosion. A.
B. Conner and other's. 'rexas Agri. Expt. sta. Bul.
No. 411---19~O.
170. Flow of water in drainage ditches. C. E. Ramser.
Engineering and Contracting. Vol. 67--pp 7-10. Jan.
192,8.
171. Flowing Water. :f. l~r. I.acey. Engineer'. Vol .. 14.9;
P:P 571-573; 593-595; Vol. 150" pp 218-22.0 .. lJf.ay 23~
- 30; August 29. 1930.
~72. Influence of silt on the velocity of water flowing
in open channels. A. B. Buckley. Engineering. Vol.
115. PI> 311; March 9, 192.3.
173. Island removal causes scour upstream. I. E. Houk.
Enginee'ring 'and Contracting. Vol. 58~ pp 52....5,4;
Oct. 11,. 1922.•
174. Mean velocity of flow of w'ater in open channels.
H. R. Grumman. Washington 1Jniversi ty ~ st. Louis ~
llo. Studies in science and T'ecb,nology. Vol. 1.
pp 1-16; 1918.
175.. tIemora'ndum on a system of draina,g'e calculated to
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Silt and Scour R'eferences.- Cont'd.
175. control the flow of water on up-country estates.
witb a view to reducing soil erosion to a minimum.
E. O. Felsinger. Tropical Agriculture. Vol. 71.
pp 211-214. Oct. 1928.
176. Methods of Fro tecting River' Banks from Erosion ..
Er1gineering and Contracting. Vol. 68 J PP 2,13-215.
May 1929.
177. New Law of the Flow of ~1ater in an Open Channel;
abstract. 1\[. Montague. Mecb.• :Etr1gineering,. Vol. 50.
pp 392-394. May 1928.
17'8 .. New Theory of Silt and Scour. .T-. Bottomley.
Engineering. Vol. 125. pp 307-308. Y~ch 16. 1928.
179. Permissible Cana.l Velocities.. J". C. stevena and
others. Am •. Soc. C. E. Proceedings. Vol. 51; pp
1397-1413; 2-35-2.040; Vol. 52.; pp 111-117 - 955-
962,. Sep't •• Doc. 192.5 • .Tan•• Apr•• ],ray~ 1926.
180. P'revention and control of erosion in Nort'h Carolina.•
with special reference to terracing. F. R. Backer.
N. Car. Agri. Expt. sta. Bul. 236, 1916.
181. Progressive erosion in a dredged drainage channel.
C. E .. Ranlser. Engineer News-Record" Vol. 82.pp
876.877--1IfaY 1. 1919.
182. Rational Method of Estimating run-off from Small
Agricultural Areas. C. E. Ramser'. Engineering
and Contracting. Vol. 67. pp 429-431; Aug. 1928..
183,. Reduction in flow causes scour. G. F. Sykes.
Engineering and Contracting. Vol. 64. PI> 1049. Nov.
11, 1925.
184. R.elation of Run-off to Vertical Interval of
Terraces. R. W. Baird. .Agri. Engr.Vol. 10,.
pp 188-189. June L929.
185. Silt Control for drainage and Flood Di,tches. R,.
N. T·owl • .4gri. Ehgr. Vo~.' 8, pp 334; Dec. 192.7.
186. Silt t'ransportation by Sacramento and .Colorado
--92,--
Sil~ and. Scour References.- Gont'd.
186. river·s and by the Imperial Ca.nal. C. E. Grunsky.
:.JD. S'oc. C. E. Froe. Vol. 56. pp 14?3-1502; 2405-
2407. Vol. 56~ pp l3~-137; 349-353; 801-80? Nov.
1929. Jan •• Feb •• Apr. 1930.
187. Soil COl1servation as an Aid to F'lood Control. v.H.
Phesters. Agri. Engr. Vol. 11. pp 339-341. Oct.
1930.
188~. Soil Erosion--Notes on Contour Ridging. R.• H.
Roberts. Rhodesia Agri. Jr. Vol. 27, pp 341-
345; August 1930.
189. Soil Erosion in the Silt Loam TJpla,nds of :fu_ississippi.
G. H. Lentz and others. Journal of Forestry. Vol~
28. pp 971-977. Nov. 1930.
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190. Some Practical EXperiments in Silt Control.




191. Stable Channels in Alluvium. G. Lace;l. Paper
4750. Froe. Inst. C. E. Session 1929-1930.
192. streo.lnl Flow in General Terlns. lJ.D. Ca..sler. Am.
Sc,c. C.E. Froe. Vol. 54,.. PI> 97-122; 1605-1616;
1892-1908. Vol. 55. pp 11~-126; 785-792. ]fuy~
f,.u.g. 1928. Jan-Jar. 192.9.
193. Studies of Flow t1:1rough C'leared and Uncleared Flood-
ways. C. E. R.anser. Engr. NeVis-Record,. Vol. 80.
pp 506-599. Oct. 12. 1922.
194. Studies on Prevention of Scour Below Overfall Dams
made in Design for Mineral Ridge Dam. C. G. Dimon.
Eng. News-Record. Vol.lOO; pp 606-698. ~ay 3) 19a8.
195. Theory of Silt and Scour. W. H. Griffeth. Engin-
eering~ Vol. 123; :pp 72.• January 2.1~ 192.7.
196. Variable Flow in Open Channels. A. P. Flockhart.
Engineering, Vol. 125. pp 688-690. June 8. 1928.
197. Washing of Soils and Methods of Prevention. ~.G.
Moeier and A. F. Gustalaon. Illinois Agri. Expt.
sta. Bul. No. a07. 1918.
Silt and Scour References.-Conttd.
198. Shiels Anti-Friction Curve~-~arabola. Nystrons
I echanical rIandbook. (Lional S. Marks). Arneric,an
achinist. March 29. 1894.
199. Kent.s ]lec'hanie.aI Engirreers Handbook. p. 12.7.
~OO. odele Predic,t Flow t.hrough structures. by J. C.
stevens pp. 1.095..1098' Vol. 1. No. 12,,. .S.C:'.E.
ivil Engineering. sept. 19S1.
201. Unusual Flow Phenomina. by Fred C. Soobey. pp.
1101-1103~ Vol. l. No~ 12~ '.S.C.E. uivil
Engineering. September 1931.
202". • Soc. C. E. Freeman Scholarship Reports on
European Hydraulic Laboratorie·s and River odels,.
1928... 29~, by C. E. Bardsley. Li,b. Am. Soc. C. E.);
NeVl York.
ote:- In some cases date and volume reference is missing.
In such cases abstracts Vlere available only. ~':ost
of the references are in the Library of the ~iss-
iesippi River Commission at Vicksburg J ~\,. ississippi ..
..-94-..
